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Abstract 
Trophic actions of progesterone in reproductive functions are, in part, mediated by 
interaction with the classical intracellular progesterone receptor B isoform (PR-B) (Mulac-
Jericevic et al., 2000). The PR-A isoform serves as a dominant transcriptional repressor to 
antagonize actions of progesterone bound to PR-B. Withdrawal of progestational support 
for pregnancy is integral to the final common pathways for parturition (Haluska et al., 
2002; Merlino et al., 2007), but the role of progesterone receptor isoforms in the cervix 
with respect to degradation of extracellular matrix and immune cell immigration at term is 
not known (Yellon et al., 2003, Yellon et al., 2008). To determine if PR-B participates in 
cervical remodeling, pregnant transgenic mice lacking expression of this isoform (Mulac-
Jericevic et al., 2004) were euthanized before or after birth. The cervix was processed, 
stained, and enumerated for leukocytes and cell nuclei as described in previous work 
(Yellon et al., 2009). In PR-B knockout (PRBKO) mice and controls, births occurred 
normally on day 19 post-breeding. On the day before birth, cervices from PRBKO mice had 
reduced numbers of cell nuclei per area, diminished collagen content and structure, as well 
as increased numbers of resident macrophages compared to nonpregnant mice. These 
results were the same in controls, which indicates that PR-B did not regulate growth, the 
degradation of the extracellular matrix, or the proinflammatory processes that regulate 
recruitment of macrophages in the cervix before term. In contrast, neutrophil immigration 
did not occur in cervices from PRBKO compared to the results found in prepartum controls. 
Although PR-B may facilitate recruitment of neutrophils, a reduced census of neutrophils 
does not appear to impact the prepartum remodeling process. These findings focus 
-------------------------------- Page2 
attention on the PR-A isoform or non-classical progesterone receptors as important for 
progestational actions that promote growth and reduce residency by immune cells in the 
cervix during pregnancy. To complete cervical remodeling, the findings raise the possibility 
that PR-A or other receptors may be important for the neuroinflammatory processes that 
are associated with withdrawal of progesterone, ripening of the cervix, and the mechanism 
for parturition. 
Introduction 
An individual's genetic code and fetal development are precursors for long-term 
health and fitness. Parturition, or the process of birth, is equally significant, especially in 
determining the etiology of certain disorders and abnormalities later in life. If parturition is 
compromised, then the repercussions will be experienced not only by the mother, but the 
newborn as well. The primary cause behind burdened pregnancy is pre-term labor 
(Mitchell et a!., 2009). Pre-term labor is delivery that has occurred prior to the 37 week 
gestational period. Epidemiologically, pre-term labor is a growing problem in the United 
States, with an increase of 12% in prevalence over the last decade; to explain this growth, it 
was determined that females who were born pre-term are more likely to deliver pre-term 
later in life (Kirby eta!., 2005; Mitchell eta!., 2009). Consequently, pre-term labor accounts 
for over 70% of all neonatal fatalities prior to 37 weeks gestation, making it the number 
one cause of infant mortality in the United States (Merlino eta!., 2007). Clinical studies link 
pre-term labor to future cardiovascular and respiratory disorders, because both of these 
organ systems are among the last to fully develop (Mesiano eta!., 2004). In order to explain 
this growing phenomenon, we must examine the mechanisms behind pregnancy 
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maintenance and regulation. Many scientists have begun the process of understanding 
parturition by studying why and how the female reproductive system undergoes the 
various structural changes during pregnancy. 
Arguably, the tissue that undergoes the most profound changes during pregnancy is 
the cervix. The cervix, the lower portion of the uterus that connects inferiorly to the vaginal 
canal, is a major component of the female reproductive system. Typically, the cervix is 
dense, sturdy, impliable, and serves as a barrier between the internal organs and the outer 
environment (Junqueria eta!., 1980; Yellon eta!., 2009). During pregnancy, the structure of 
the cervix is reshaped to allow the fetus to pass through the vaginal canal (Figure 1). This 
morphological change of the cervical tissue throughout pregnancy is known as cervical 
remodeling. In mammals, cervical remodeling occurs in three stages: softening, ripening, 
and postpartum processes (Kirby eta!., 2005; Luque eta!., 1998; Yellon eta!., 2009). 
During softening, the structure of the collagen slowly degrades, causing the cervical 
tissue to elasticize. Epithelial gene expression noticeably increases, which results in both 
cellular hypertrophy and heavy mucus secretion (Luque et a!., 1998; Yellon et a!., 2008; 
Yellon eta!., 2009). Additionally, inflammatory signals known as cytokines are secreted by 
the epithelial tissue, which signal leukocyte infiltration (Winkler et a!., 1999). Epithelial 
branching leads to the thickening of cervical tissue, preparing the cervix for the extra 
weight that will be placed on it as the fetus develops. A human fetus can weigh upwards of 
50 pounds (22.7 kilograms) towards the end of pregnancy (Luque eta!., 1998). 
Cervical ripening is a histological phenomenon that occurs right before birth. There 
are three major effects of ripening on the cervix: profound collagenolysis or dispersion, 
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high levels of tissue compliance, and a heightened inflammatory response (Junqueria eta!., 
1980; Winkler et a!., 1999). During this inflammatory response, white blood cells, 
specifically macrophages and neutrophils, infiltrate the cervix (Luque et a!., 1998). These 
immune cells, particularly macrophages, are believed to be responsible for signaling 
collagenases, enzymes that break down collagen fibers (Kirby et a!., 2005; Winkler et a!., 
1999; Yellon et a!., 2008; Yellon et a!., 2009). Macrophages express the interstitial cell 
adhesion molecule or ICAM-1, which is an indicator for an activated macrophage. When a 
macrophage is activated, it is believed to promote high collagenase activity by expressing 
interleukin-1 (IL-1), which further stimulates collagenase secretion by resident fibroblasts 
(Ledingham et a!., 2001). Apart from interleukin expression, activated macrophages also 
signal prostaglandins, which are crucial in recruiting leukocytes and dilating cervical blood 
vessels (Yellon et a!., 2008). Figure 2 summarizes the different pathways of collagen 
breakdown governed by activated macrophages. A dilation of roughly 10 em is necessary 
for a normal, human parturition through the vaginal canal. The cervix must undergo the 
structural changes brought about by softening and ripening in order to sufficiently dilate 
the cervix. 
After birth, or post partum, the cervix reverses the remodeling process by 
evacuating the immune cells and rebuilding the collagen structure (Yellon et a!., 2008; 
Yellon et a!., 2009). Following this reversal of remodeling, the cervix reverts back to its 
original shape and function. 
The cause of these changes in cervical structure throughout pregnancy is believed to 
be primarily regulated by progesterone. Progesterone, or "pro-gestational hormone," is a 
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steroid hormone secreted by the corpus luteum in response to a surge of luteinizing 
hormone after the ovum is fertilized (Chappell et al., 1997; Conneely et al., 2003). After the 
seventh week of a human pregnancy, the placenta becomes the main source of 
progesterone secretion (Mesiano et al., 2004; Mitchell et al., 2009). This hormone is 
associated with sustaining pregnancy by suppressing uterine contractions, inducing 
cellular hypertrophy, and suppressing the immune system (Chappell et al., 1997; Conneely 
et al., 2003; Yellon et al., 2009). 
For most studies involving pregnancy and parturition, researchers use a variety of 
animal models. The best and perhaps most established animal model for these types of 
studies is the mouse model. This particular model is favored for a number of reasons: mice 
have the same biochemical regulation pathway of uterine contractility as humans, they 
have a number of physiological homologies to humans, they are easy to genetically 
manipulate, and they are relatively inexpensive to house and purchase (Mitchell et al., 
2009). Human pregnancies have a wide margin of variability in the duration of pregnancy, 
while mouse models have timely deliveries 19 days post-breeding, with a small margin of 
error, making them exceedingly reliable models for parturition studies (Mitchell et al., 
2009). A noteworthy difference between a mouse and a human pregnancy is the drop in 
blood serum progesterone levels in mice, whereas in humans, the drop in progesterone 
does not occur until after parturition (Mitchell et al., 2009; Yellon et al., 2009). 
The withdrawal of progesterone is associated with a number of other effects: pro-
inflammation, heightened contractility of uterine tissue, cervical ripening (Figure 3), and 
labor (Mackler et al., 1999; Yellon et al., 2009). Both the withdrawal of progesterone 
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coupled with the proinflammatory effects of estrogen that bring about the onset of labor 
(Tibbetts eta!., 1999). Progesterone withdrawal in mice is studied in three critical points of 
pregnancy: Day 15 (D15) is a point in mid-to-late pregnancy when progesterone 
approaches its peak serum levels, making it a commonly-studied gestational day in studies 
involving mouse models and ripening. Day 18 (D18) is the day prior to birth, when ripening 
occurs, and post partum (PP) is the day after birth. This difference between the human 
and mouse models has led to the theory that the functional withdrawal of progesterone in 
humans signals parturition (Kirby eta!., 2005; Mitchell eta!., 2009;Yellon eta!., 2008;Yellon 
eta!., 2009). 
The functional withdrawal of progesterone is believed to be a local withdrawal of 
progesterone caused by the interactions between progesterone and progesterone 
receptors. The progesterone receptor gene codes for two isoforms: PR-A and PR-8, which 
differ by an extra coding sequence (between 120-160 base pairs) on theN-terminal of the 
PR-8 gene (Mesiano eta!., 2004). One important in vitro study using cell lines determined 
that PR-A has an antagonistic effect on the function of PR-8 (Vegato et a!., 1993). An ex 
vivo experiment, which used biopsied uterine tissue, concluded that there is a larger 
concentration of PR-8 mRNA synthesized during the initial stages of pregnancy; however, 
in later stages, PR-8 mRNA synthesis stops and PR-A mRNA synthesis occurs (Mesiano et 
a!., 2004). In a follow-up study, western blot analysis confirmed that there was a higher 
ratio of PR-A/PR-8 proteins expressed in myometrial tissue near term, indicating that PR-A 
may be responsible for the onset of labor (Merlino eta!., 2007). These studies suggest that 
the increase in PR-A expression over PR-B result in the functional withdrawal of 
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progesterone (Figure 4), leading to cervical ripening (Mesiano eta!., 2004; Merlino eta!., 
2007). 
Additionally, in vivo studies using knockout mouse models have been used 
since the late 1990s to explore the roles of the individual receptors in the context of the 
pregnancy. A "knockout" mouse refers to a mouse that has had its genetic sequence altered 
to remove the expression of a desired gene, usually through induced mutations in the DNA 
structure (Mitchell eta!., 2009). One early study on null PR knockout mice concluded that 
mice deficient for progesterone receptors did not exhibit normal estrus cycles because of 
impaired endocrine feedback mechanisms (Chappell et a!., 1997). Another study showed 
that mice knocked out for PR-A (PRAKO) were infertile, but mice knocked out for PR-8 
(PR8KO) were fertile and able to deliver pups without delay (Conneely et a!., 2001). 
Additionally, PRAKO have impaired ovarian and reproductive abnormalities that hamper 
ovulation and fertilization (Conneely et a!., 2003; Lydon et a!., 1996). With the 
understanding that PR-A is essential for fertility, it was determined that PRAKO mice were 
able to soften and prepare reproductive tissue for pregnancy and parturition after 
administration of gonadotropins, indicating that the trophic actions of progesterone are 
mediated by the 8 isoform (Mulac-Jericevic et a!., 2000). Given that the antagonizing 
behavior of PR-A on PR-8 is actually occurs, the findings of the knockout studies are rather 
perplexing: pregnant mice are able to deliver pups without the PR-8 receptor, however 
they are unable to ovulate without the PR-A antagonist. To date, studies have yet to 
conclusively link cervical ripening and the remodeling process to the progesterone 
receptor interactions. 
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The aim of this project was to settle the scientific discrepancy that is present in the 
current body of literature regarding the roles of the progesterone receptors in parturition. 
If mice are able to deliver live pups when knocked out for the PR-B receptor, then PR-B 
may not play a significant role in ripening the cervix. Using the PR-B knockout mouse 
model, specific indicators of cervical ripening including cellular hypertrophy, collagen 
degradation, macrophage recruitment, and neutrophil recruitment were measured in three 
critical stages of pregnancy to determine which areas of ripening, if any, are mediated by 
the PR-B receptor. It is also noteworthy to mention that this is the first project to our 
knowledge that has attempted to study the role of neutrophils in cervical ripening. The role 
of macrophages has been relatively defined by past studies, therefore the lack of study on 
the heavy presence of neutrophils in the cervix circa parturition warrants further 
investigation. 
Methods and Materials 
Obtaining the Mouse Model: 
Male and female mice were obtained from Baylor College of Medicine by Lorna Linda 
University School of Medicine's Center for Perinatal Biology. Baylor College of Medicine 
created a new mutant mouse strain carrying a germline mutation. Through gene targeting 
techniques, point mutations were introduced embryonic stem cells (129 SV cells) and 
backcrossed to a C57Blj6 mouse strain to specifically ablate the expression of the PR-B 
ligand-binding isoform. 
Breeding protocol: 
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· Two genotypes of the C57Blj6 mice were used including PRBKO and WT (both PR 
isoforms present). Adult female mice were housed in controlled environmental conditions 
of a 12h light/day and lights on 1000h, with food and water provided ad libitum. Breeding 
pairs to generate the mice for this study were based on genotyping from Mendelworks 
(Austin,TX). Females were paired overnight with a male (2 females/stud male) and were 
inspected for a vaginal plug the next day. A vaginal plug is the result of male secretions 
composed of ejaculate fluids, mucus, and sperm binding the vaginal canal shut. The 
presence of the plug and weight gain after day 9 of breeding indicated successful mating 
Experimental Design: 
Mice from the experimental group (PRBKO) and the control group (WT) were each 
separated into three different gestational groups (n= 3-6 mice per group): post-breeding 
day 15, day 18 (day before birth), and day 19 (PP). Nonpregnant adult females with unripe 
cervices served as baseline controls. On post-breeding days 15, 18, and 19, mice from each 
group were euthanatized with carbon dioxide gas for tissue analysis. Nonpregnant mice 
were also euthanized. Experimental procedures were approved by the Institutional Animal 
Care and Use Committee and conformed to the National Research Council standards for 
care and use of laboratory animals. 
Staining the Tissue: 
The cervices were excised, postfixed overnight with 4% paraformaldehyde solution, 
and embedded in paraffin. Cervical tissues were cross-sectioned at 10 ~-tm and placed on 
slides. Some sections were stained with picrosirius red dye to identify collagen fibers and 
structures. Other sections were stained using immunohistochemistry to identify 
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macrophages (BM8 at 1:800; Sachem Americas Inc., Torrance, CA) and neutrophils (7 /4 at 
1:100; AbD Serotec, Raleigh, NC). Antibodies used were highly specific for their respective 
intended markers, which is why different antibodies were used to stain for either 
macrophages or neutrophils. Sections processed for immunohistochemistry were 
counterstained with hematoxylin to visualize cell nuclei and cellular hypertrophy. Cell 
nuclei, macrophages, and neutrophils were counted via analysis of photomicrographs, 
using automated-counting software (Image Pro+ 6.0; Media Cybernetics, Bethesda, MD). 
Determining Optical Densities: 
For collagen analysis, color photomicrographs of polarized light-illuminated tissue 
sections were digitized to a grayscale image. Grayscale images make assessing of optical 
density, or the light transmitted through the tissue, easier, because it is more difficult to 
differentiate between shades of red than black and white. The average optical density was 
determined in nine adjacent, non-overlapping grids, using the Image} software as 
previously described (Yellon et al., 2009). Areas of high collagen content and complexity 
were displayed as white regions with low optical density, whereas low collagen content 
and fragmented structure were dark, with higher optical density. For each mouse, optical 
density was normalized to cell nuclei density in the cervix to account for individual 
variability in hypertrophy of cervix (Figure 5). 
Enumerating Immune Cells: 
Macrophages and neutrophils were identified visually by bright-field microscopy as 
dark brown cellular stain surrounding a hematoxylin counterstained nucleus. The area of 
cervix per animal was viewed in three sections (93,025 11m2 in each 10-!lm section 
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thickness); each section was viewed eight non-overlapping placements of a 10 x 10 grid. 
The eight non-overlapping grids were previously shown to adequately represent the entire 
cervix of the animal (Yellen et al., 2009). The number of cells per area of cervix was 
normalized to cell nuclei density for each individual mouse to account for hypertrophy of 
the cervical tissue. Normalization was performed on Microsoft Excel by dividing the 
number of immune cells per volume of cervical tissue by the number of cell nuclei per 
volume of tissue. Photomicrographs of each 10x10 grid area of cervix were taken with a 
Zeiss A1 Brightfield Microscope and SPOT camera. Immune cells were enumerated in each 
photomicrograph using the Image Pro+ 6.0 software (Figure 6). 
Statistical Analysis: 
Levene test for homogeneity of variance was used to test whether or not the data was 
normally distributed. ANOVA and Student T-tests were also performed to test for significance of 
data within mouse strains and between mouse strains (SPSS statistics software; SPSS, Chicago, 
IL). For data that was not normally distributed, the Kruskai-Wallis test was used to evaluate 
statistical significance. 
Results 
Mice from the experimental, control, and gestational groups delivered pups on time 
without complication or delay. No significant differences in litter size between WT and 
PRBKO groups were found. 
WT mice exhibited expected levels of tissue hypertrophy during ripening. The 018 
group showed a significant decrease in cell nucleijum3 of tissue when compared to both 
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the NP and D15 groups. This is an indication of epithelial branching in preparation for birth 
and par.turition. PRBKO mice showed a similar decrease in cell nuclei on D18 (Figure 7). In 
addition, the levels of cell nuclei per volume of tissue are statistically different (p <.05) in 
NP groups between strains. 
Both the control and the experimental groups showed a significant (p<.05) increase 
in optical density as pregnancy progressed, especially in D18. Higher levels of optical 
density correlate with greater light exposure through the tissue, which implies lower 
collagen density and structure in the cervix (Figure 8). 
Peak recruitment of macrophages occurred on D18 in WT control group, which 
correlated with the increased optical density also shown in D18. In the postpartum group, 
a decrease in macrophages indicated a reversal of remodeling in preparation for the 
estrous cycle, because mice are able to ovulate as early as two days after they give birth 
(Mitchell et al., 2009). PRBKO mice had also shown a statistical increase (p< .05) in 
macrophage recruitment the .day before birth; however the reversal of remodeling 
appeared to have been delayed in this experimental group. Also, the levels of resident 
macrophages in the cervix are statistically different (p <.05) in NP groups between strains 
(Figure 9). 
Finally, as mentioned previously, this study the first to examine the role of 
neutrophils within the context of ripening. The increase in neutrophils in the WT group on 
D18 is comparable to the increase in macrophages on the same day. Interestingly, 
neutrophil levels did not change in PRBKO mice throughout pregnancy (Figure 10). 
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Discussion 
The results provide several important conclusions regarding the function of the PR-
B receptor. First, the PR-B receptor does not appear to control cervical tissue hypertrophy, 
because cell nuclei density decreased between the NP and the D18 gestational groups in 
both WT and PRBKO mice. Although a number of studies say that PR-B mediates the 
trophic effects of progesterone, which include cellular hypertrophy, the results of this study 
indicate otherwise. 
Next, collagen degrades similarly throughout pregnancy in both PRBKO and WT 
mice, showing that PR-B is not involved in collagen breakdown. Previously, PR-A was 
established to be responsible for the withdrawal of progesterone while PR-B was not. Since 
collagen breakdown is a consequence of withdrawal, the presence of the PR-A receptor in 
PRBKO is expected to trigger the pathways leading to collagenolysis. 
Additionally, macrophage levels were not affected significantly, because the cervices 
of both PRBKO and WT mice on D18 expressed peak levels of infiltration, indicating that 
the cervices were sufficiently ripened. In the PRBKO mice, however, the post partum 
gestational group did not show a decrease in macrophage levels. Based on this 
information, PR-B appears to be involved in post partum immune cell evacuation. The 
reason why this is a questionable conclusion is because the WT PP and the PRBKO PP 
groups in the optical density figure failed to show a restructuring of cervical tissue, which 
lends to the theory that the mice may have been euthanized too soon after they delivered to 
show any significant reversal in cervical remodeling. If the mice were euthanized a full day 
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after pup delivery, then clearer conclusions can be made about PR-B's role in the reversal 
of cervical remodeling. 
The lack of change in neutrophil infiltration in the cervix throughout pregnancy in 
PRBKO mice indicates that PR-B may control the recruitment of neutrophils in the cervix 
during pregnancy. This finding best addresses the hypothesis of the study. While 
neutrophil levels were affected by the ablation of PR-B, the fact that PRBKO mice gave birth 
without delay means that PR-B is not important for cervical ripening. 
Although neutrophils may not be involved in cervical ripening per se, they may 
serve a role in innate immunity. While macrophage function is known to differ based on 
activation, the only known role of a neutrophil is phagocytosis of pathogens. To 
immediately assume that neutrophils play no role in parturition would be incorrect: 
because neutrophil recruitment is impaired in PR-B knockouts, the risk of fetal infection 
could theoretically increase. Further studies should be done on PR-B knockouts in the 
murine models to confirm a) that PR-B is functionally responsible for neutrophil 
recruitment circa ripening and b) if, experimentally, the fetuses are more prone to infection 
when neutrophils fail to infiltrate the cervix. An example of such an experiment could 
involve obtaining the mouse models described in the present experiment, PRBKO and WT, 
and exposing their fetuses to mild infectious agents circa ripening. If the fetuses of the 
PRBKO mice are infected with the agent and the fetuses of the WT mice are immune, then 
this would confirm the role of neutrophils in immunoprotection of the fetus during cervical 
ripening. 
In both the macrophage recruitment and tissue hypertrophy graphs, there is a 
statistical difference between WT NP and PRBKO NP groups. One possible explanation for 
this apparent difference is that estrous cycle stages between strains were not synchronized 
for the study. The WT NP mice were predominantly in the metaestrus stage (3/4 mice), 
while the PRBKO NP mice were predominantly in the estrus stage ( 4/5 mice). Because 
mice experience differences in uterine and cervical morphology at different stages of the 
estrous cycle, the statistical variances can be best attributed to the lack of estral control. 
We attempted to examine the role of hemizygous PR-A genotype (PRA +/-) in 
cervical ripening. PRA +/-mice were originally hypothesized to be able to ovulate and give 
birth because one study concluded that mice released the same number of oocytes even 
when lacking one copy of the PR-A receptor (Mulac-Jericevic et al., 2004). Unfortunately, 
difficulties occurred due to a possible contamination of some specimens. We believe that 
some housing cages contained xenoestrogens, or man-made substances with an estrogenic 
effect, which are suspected to have affected the endocrine feedback mechanisms of 
pregnancy. Since some of the PRA+/- data was unreliable because of the number of 
outliers in the data set, the number of mice in each PRA +/- gestational group was 
significantly reduced. An indefinite hold has been placed on this portion of the study until 
more PRA+/- mice can be obtained. The PR-B mice were subjected to a similar housing 
protocol; however, the number of mice from each gestational group was reduced to an 
acceptable number to continue the study. A future study could test the effects of PRA +I- on 
cervical ripening, ideally using the same methods and protocols as the present experiment. 
Since our study showed that PR-B is only able to control neutrophil recruitment, the PR-A 
receptor may be important in macrophage recruitment, activation, and collagenolysis. 
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While the results of this study do imply that PR-B may not be significant within the 
context of cervical ripening, its overall function remains unclear. Even though evidence 
exists that PR-B is involved in pregnancy sustainability when PRAKO mice are treated with 
gonadotropin (Mulac-Jericevic et al., 2004), making the case that PR-B is solely responsible 
for the trophic actions of progesterone is becoming increasingly difficult. In fact, PR-A and 
PR-B are not the only known progesterone receptors; these two receptors are known as 
intracellular (or nuclear) progesterone receptors. While the present study focused on the 
intracellular receptors, other studies suggest that another family of progesterone 
receptors, or membrane-bound progesterone receptors, may have a number of functions 
that were thought to have been fulfilled by the intracellular receptors (Don et al., 2010). 
Considering this newly discovered family of receptors, the mechanism behind parturition 
and cervical remodeling is far from resolved. There may be compensatory mechanisms, 
which include the membrane-bound progesterone receptors that may come into effect 
when the PR-B isoform is ablated; however the genes that govern these other receptors 
have yet to be studied in detail. Once these genes have been identified, it may be possible 
to perform a study to knockout the other progesterone receptors and analyze them for the 
indicators of ripening, similarly to the project described in this paper. 
Although the knowledge of mechanisms behind cervical remodeling and parturition 
remains incomplete, this study has successfully provided a piece linking the structural 
changes in the cervix to the biochemical interactions between progesterone and its nuclear 
receptors. Even though the effect of PR-B ablation in mice was inconsequential to the 
ripening/remodeling process, further studies can be done showing the importance of PR-B 
and its function in the immune system as a whole rather than within solely the context of 
__________________ Page 
17 
pregnancy. Once the picture of how pregnancy is maintained and regulated is complete, it 
will be possible to develop a drug to control the incidental increase of pre-term labor, 
which will save and prolong lives even before birth. 
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Figure 1: Changes in Peripartum Cervix 
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Figure 1: The cross-sectional diagrams above show the 
differences in cervical structure before and during term. (A)The 
green arrow points to the cervix, which encloses the fetus within 
the uterine walls. (B) At term, the cervical structure is loosened 
and the fetus is exposed to the outside environment, leading to 
parturition. McGuire W., Tucker J. BMJ 2004;329:675-678. 
Figure 3: Drop in Serum Progesterone Levels 
Correlated with Cervical Ripening 
Changes in Serum Progesterone Levels in Mice During Pregnancy 
Figure 3: The above graph shows the changes of serum progesterone levels 
that are responsible for the onset of labor. Day 15 is a point in mid-late 
pregnancy, when progesterone is approaches its peak levels just before it drops. 
Day 18 is the day before birth, when the mice have a significant drop in 
progesterone levels. Day 19, or post partum, is when progesterone levels are 
reset to proestrus levels. It is the drop in progesterone levels between day 15 
and day 18 that is believed to cause cervical ripening. 
Figure 2: Activated-Macrophage Breakdown of 
Collagen 
Figure 2: When macrophages express activation, they can bring 
about collagen breakdown in a number of ways. Apart from 
signaling collagenase enzymes alone, they can release 
inflammatory cytokines (IL-l), which can promote collagenase 
production from fibroblasts. Additionally, they can coordinate 
with the vasodilatation effects of prostaglandins to also carry out 
collagen breakdown. 
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Figure 4: Progesterone Receptor A Antagonizes the 
Trophic Actions of Progesterone Receptor B 
'! 
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Figure 4: Both isoforms of the Progesterone receptor are 
functionally different. Genetically, both are identical, however the 
PR-8 receptor has an extra region that codes for transcriptional 
factors that help regulate the trophic actions of progesterone. The 
Physiologically, PR-A isoform inhibits the function ofPR-8. 
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Figure 5: Image Processing of Picosirius 
Red-Stained Photomicrographs 
Figure 5: Shown above are identical photomicrographs before 
and after grayscale digitization. The image on the left is a section 
of cervix stained with picosirius red cytochemical stain. In order 
to best analyze the optical density of each section, 
photomicrographs were taken from a microscope equipped with a 
polarizer lens. This allows an automated program (Image J) to 
convert the bright red-stained section to a grayscale image, as 
shown on the right. After the conversion, the optical density is 
quantitatively measured by the ImageJ software. 
Figure 7: Tissue Hypertrophy 
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* 
a 
NP 015 018 PP NP 015 018 PP 
Figure 7: WT mice had significantly fewer cell nuclei per area of cervix 
on D 18 and PP relative to the nonpregnant group. The same trend was 
expressed in the PRBKO group. Levels of tissue hypertrophy statistically 
differ in NP groups between strains. Data was normalized to cell nuclei to 
account for tissue hypertrophy. (p< .05 ANOV A. a versus NP within 
strain, b versus D 15 within strain, * versus NP of Wild type strain.) 
Figure 6: White Blood Cell Enumeration 
Through lmagePro+ Software 
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Figure 6: Above are examples of cervical tissue stained with 
hematoxylin and BM8 to identify resident cell nuclei and 
macrophages respectively. (A) The purple-stained cells are the 
cell nuclei, while the brown-stained cells are the macrophages. 
(B) Using the Image Pro+ 6.0 software, both the identification 
and counting of stained leukocytes are automated, as shown by 
the red-marked after image. This technique was used to identify 
and count both macrophages and neutrophils. 
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Figure 8: Collagen Structural Changes 
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Figure 8: Compared to NP, optical density of the cervix increased 
significantly the day before birth and stayed elevated after birth in both 
WT controls and PRBKO mice. Optical density increased with the 
breakdown of collagen content and structure. Data was normalized to 
cell nuclei to account for tissue hypertrophy. (p< .05 ANOV A. a versus 
NP, b versus D15.) 
Figure 9: Macrophage Infiltration 
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Figure 9: WT mice showed peak macrophage infiltration the day before 
birth (D 18), with a decrease in PP, indicating a reversal of the remodeling 
?rocess: PRBKO mice also showed a comparable increase in macrophage 
mfiltratwn on D18. Levels of macrophages statistically differ in NP group 
between strains. Data was normalized to cell nuclei to account for tissue 
hypertrophy. (p< .05 ANOVA. a versus NP, b versus D15, *versus NP of 
Wildtype strain.) 
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Figure 10: Neutrophil Infiltration 
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Figure 10: WT mice expressed peak neutrophils infiltration the day 
before birth. In PRBKO mice, however, showed no statistical change 
in neutrophils levels throughout pregnancy. Data was normalized to 
cell nuclei to account for tissue hypertrophy. (p< .05 ANOV A. a 
versus NP, b versus DIS. c versus Dl8.) 
